
 

 

Introduction to Complexity  
Unit 4 Homework Solutions  

 
Beginner Level 1−4 
Intermediate Level 1 

 

Beginner Level: 
1. In the Slot Machine example described in the lectures, calculate the number of microstates 
corresponding to:  

(a) Exactly two of the same kind:  Answer:  60 microstates.   

KEY: R ="orange" A= "apple"  C= "cherry" P="pear" L=“lemon”   

There are 3 ways to get exactly two “Lemons” :  L O L,  L L O and O L L  (O = other except 
lemon).   There are 4 possibilities  that correspond to EACH of these. For example,  LOL could 
be LRL, LAL, LCL, AND LPL.  Thus there are 3 X 4 or 12 distinct microstates with exactly two 
lemons. The situation is the same for each of the kinds.12 x 5 = 60 microstates with exactly two 
of the same kind.   

(b) No lemons:  Answer: 64 microstates 

There are 4 ways NOT to get a Lemon on any single reel. With three reels there are 4 x 4 x 4 = 
64 non-lemon combinations.  

(c) Two lemons and one orange:  Answer:  3 microstates 

Only three microstates correspond to this macrostate:  

LLR, LRL, and RLL 

 

2. Suppose you have six fair dice, each with six sides. 

The results when you roll all six dice at once is a microstate of the system. E.g., the microstate 
shown above is {6, 6, 6, 6, 6, 6}. 

(a) Using S(Macrostate) = ln W, what is S of the macrostate “each of the six dice shows the 
same number on its face”? 

Answer:  S(“each of the six dice shows the same number on its face”) = ln 6   = ~ 1.79 

 

 



 

 

(b) Same as (a) but for the macrostate “each of the six dice shows a different number on its 
face”? 

The challenge here is to find the number of microstates corresponding to the macrostate.  This is 
a case of “Permutation without repetition”.  The factorial function give us the answer 6! = 720  
(6 x 5 x 4 x 3 x 2 x 1).   

Answer:  S(“different number”) = ln 720 = 6.579... 

The rationale is that there are 6 possibilities for the first die but only 5 possibilities for the next 
die, and once the first two die have distinct values there are only 4 possible values for the third 
die and so on.   

3. Consider the six-dice system as a “message source” and a roll of the dice as a “message”. If all 
the dice are fair (equal probability for each value), what is the Shannon information content of 
this message source? 

Answer: There are 6 dice and each has 6 sides. Therefore there are 66 or  or 46656  messages. 
Each message occurs with a probability of 1 / 46656 or .000021. The Shannon information of 
this system is then, 
 
H(6-dice-msgs)   = - (46656 * (.0000214 log2 .0000214)) = 15.4878... bits.  

4. Suppose a one-year-old baby says five different words, each with equal probability. What is 
the Shannon information content of this one-year-old “message source”? 

Answer: H(“baby talk”) = − ((.2 log2 .2) + (.2 log2 .2) + (.2 log2 .2) + (.2 log2 .2) + (.2 log2 .2)) =   
log2  5 = 2.322...bits   

 

 

Intermediate Level 

1. Suppose three-year-old Jake has a vocabulary of 500 words (including ``um''). When talking, 
he will say the word ``the'' one-tenth of the time, the word ``um'' one sixth of the time, and the 
rest of the time all his other words will be used equally often. What is the average Shannon 
information of his side of a conversation? 

We build up a Shannon sum with the probability of the “the” word (p = .1),  “um” (p. = .1666) 
and the 498 other words, which occur the rest of the time (p = 1 − .1 − .166  =  .734). Each one 
of the other words has a probability of  .734 / 498 or 0.00147. There are 498 of these items in our 
sum.  

H(“three year old”) = − (.1 log2 .1 + .1666 log2 .1666 + 498 * .(00147 log2  .00147 )) = 7.65160 


